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$EVWUDFW²$FRPSXWDWLRQDOVWXG\RQELRLQVSLUHG1$&$
K\GURIRLOV ZLWK OHDGLQJHGJH SURWXEHUDQFHV KDV EHHQ FDUULHG RXW WR
LQYHVWLJDWH WKHLU K\GURG\QDPLF IORZ FRQWURO FKDUDFWHULVWLFV DW D
5H\QROGV QXPEHU RI  DQG GLIIHUHQW DQJOHVRIDWWDFN 7KH
QXPHULFDO VLPXODWLRQVZHUHSHUIRUPHGXVLQJ$16<6)/8(17DQG
EDVHG RQ 5H\QROGV$YHUDJHG 1DYLHU6WRNHV 5$16 VROYHU PRGH
LQFRUSRUDWHG ZLWK NȦ 6KHDU 6WUHVV 7UDQVSRUW 667 WXUEXOHQFH
PRGHO7KHUHVXOWVREWDLQHGLQGLFDWHYDU\LQJIORZSKHQRPHQRQDORQJ
WKHSHDNVDQG WURXJKVRYHU WKH VSDQRI WKHK\GURIRLOV&RPSDUHG WR
WKH EDVHOLQH K\GURIRLO ZLWK QR OHDGLQJHGJH SURWXEHUDQFHV WKH
OHDGLQJHGJH PRGLILHG K\GURIRLOV WHQG WR UHGXFH IORZ VHSDUDWLRQ
H[WHQWVDORQJ WKHSHDN UHJLRQV ,QFRQWUDVW WKHUHDUH LQFUHDVHG IORZ
VHSDUDWLRQV LQ WKH WURXJK UHJLRQVRI WKHK\GURIRLOZLWK OHDGLQJHGJH
SURWXEHUDQFHV ,QWHUHVWLQJO\ LW ZDV REVHUYHG WKDW GLVVLPLODU IORZ
VHSDUDWLRQ EHKDYLRXU LV SURGXFHG DORQJ GLIIHUHQW SHDN RU WURXJK
SODQHVDORQJWKHK\GURIRLOVSDQHYHQWKRXJKWKHWURXJKVRUSHDNVDUH
SK\VLFDOO\ VLPLODU DW HDFK LQWHUYDO IRU D SDUWLFXODU K\GURIRLO
6LJQLILFDQWLQWHUDFWLRQVEHWZHHQDGMDFHQWIORZVWUXFWXUHVSURGXFHGE\
WKHOHDGLQJHGJHSURWXEHUDQFHVKDYHDOVREHHQREVHUYHG7KHVHIORZ
LQWHUDFWLRQV DUH EHOLHYHG WR EH UHVSRQVLEOH IRU WKH GLVVLPLODU IORZ
VHSDUDWLRQEHKDYLRXUDORQJSK\VLFDOO\VLPLODUSHDNRUWURXJKSODQHV

.H\ZRUGV²&RPSXWDWLRQDO )OXLG '\QDPLFV )ORZ VHSDUDWLRQ
FRQWURO+\GURIRLOV/HDGLQJHGJHSURWXEHUDQFHV
, ,1752'8&7,21
1 DHURVSDFH DQG PDULQH HQJLQHHULQJ GUDZLQJ LQVSLUDWLRQV
IURPQDWXUHKDVEHHQ WKHSULPDU\ VRXUFHRIPRWLYDWLRQ IRU
TXLWH D QXPEHU RI HQJLQHHULQJ UHVHDUFK >@>@ DQG
DSSOLFDWLRQV5HFHQWO\KXPSEDFNZKDOHSHFWRUDOIOLSSHUVKDYH
JDLQHG VLJQLILFDQW DWWHQWLRQ EHFDXVH RI WKHLU VXSSRVHGO\
VLJQLILFDQW FRQWULEXWLRQ WRZDUGV WKH ZKDOHV¶ JRRG
PDQHXYHULQJ FDSDELOLWLHV 7KLV LV SDUWLDOO\ FUHGLWHG E\ WKH
SUHVHQFHRIWKHWXEHUFOHVDORQJWKHOHDGLQJHGJHVRIWKHZKDOH
SHFWRUDO IOLSSHUV 7KH KXPSEDFN ZKDOHV DUH ZHOONQRZQ IRU
WKHLU EUHDFKLQJ FKDUDFWHULVWLFV DV ZHOO DV DELOLW\ WR SHUIRUP
FRPSOH[ PDQHXYHUV XQGHUZDWHU >@ 7KH PRUSKRORJ\ RI
KXPSEDFNZKDOHIOLSSHUVDQGLWVVZLIWEHKDYLRXUDWUHODWLYHO\
ORZHU 5H\QROGV 5H QXPEHU KDV LQVSLUHG YDULRXV K\GURIRLO
GHVLJQV ZLWK OHDGLQJ HGJH SURWXEHUDQFHV RYHU WKH SDVW IHZ
\HDUV
2QHRIWKHILUVWH[SHULPHQWDODQDO\VHVRQDQLGHDOL]HGZKDOH
IOLSSHU PRGHO ZDV FDUULHG RXW LQ ZLQG WXQQHO E\ >@ DW
5H î7KH ILQGLQJV LQGLFDWH WKDW LWSURGXFHGDQ LQFUHDVH
LQ WKH PD[LPXP OLIW E\  DQG GHOD\ LQ WKH VWDOO DQJOHRI

- -R\ LV ZLWK WKH 7HFKQLVFKH 8QLYHUVLWlW 0QFKHQ $6,$ 6LQJDSRUH
HPDLO0#QWXHGXVJ
7+1HZ LVZLWK1DQ\DQJ7HFKQRORJLFDO8QLYHUVLW\6LQJDSRUH
FRUUHVSRQGLQJDXWKRUSKRQHHPDLOGWKQHZ#QWXHGXVJ
,+,EUDKLPLVZLWKWKH8QLYHUVLW\RI*ODVJRZ6LQJDSRUHHPDLO
,PUDQ,EUDKLP#JODVJRZDFXN
DWWDFNE\DVFRPSDUHGWRDPRGHOZLWKRXWOHDGLQJHGJH
SURWXEHUDQFHV 3HUIRUPDQFH DQDO\VLV RI VZHSW ZLQJV ZLWK
OHDGLQJHGJHSURWXEHUDQFHVDW VZHHSDQJOHVDQGZDV
FDUULHG RXW E\ >@ 5HVXOWV LQGLFDWH WKDW WKH PD[LPXP OLIW
YDOXHV IRU WKHFRUUHVSRQGLQJVZHHSDQJOHVZHUH LQFUHDVHGE\
DQGUHVSHFWLYHO\$FFRUGLQJWR>@KRZHYHUWKHUHDUH
VLJQLILFDQFH GLIIHUHQFHV LQ IORZ FRQWURO FKDUDFWHULVWLFV RI WKH
PRGLILHG DHURIRLOV LQ SUH DQG SRVWVWDOO FRQGLWLRQV ,W ZDV
UHSRUWHG WKDW WKH SHUIRUPDQFH RI WKH PRGLILHG DHURIRLOV LV
LQIHULRU WR WKH EDVHOLQH K\GURIRLO LQ SUHVWDOO FRQGLWLRQV EXW
YLFHYHUVDLQSRVWVWDOOFRQGLWLRQV>@)ORZFRQWURODQDO\VLVRI
K\GURIRLOVZLWKOHDGLQJHGJHSURWXEHUDQFHVZDVFDUULHGRXWE\
>@ DW 5H î 7KH UHVXOWV LQGLFDWH WKDW WKH GHVLJQ RI
OHDGLQJHGJH SURWXEHUDQFHV GHHSO\ DIIHFW WKH IORZ FRQWURO
EHKDYLRXU RI WKH K\GURIRLOV DW D ORZHU 5H\QROGV QXPEHU
1XPHULFDO LQYHVWLJDWLRQVDW5H îZDVDOVRSHUIRUPHGE\
>@EDVHGRQ'HWDFKHG(GG\6LPXODWLRQWHFKQLTXH7KHUHVXOWV
LQGLFDWH WKDW WKH OHDGLQJHGJH SURWXEHUDQFHV DUH FDSDEOH RI
UHGXFLQJIORZVHSDUDWLRQVDWWKHWLSRIWKHIOLSSHUVDWDKLJKHU
5H\QROGVQXPEHU
,Q WKLV SDSHU D FRPSXWDWLRQDO LQYHVWLJDWLRQ RI WKH IORZ
FRQWURO FKDUDFWHULVWLFVDQGVHSDUDWLRQEHKDYLRXURIDEDVHOLQH
1$&$DQGWZRPRGLILHGK\GURIRLOVLVFDUULHGRXWDW
5H î 7DEOH , 7KH WZR PRGLILHG K\GURIRLOV QDPHG
/ DQG / UHVSHFWLYHO\ ZHUH GHVLJQHG VXFK WKDW WKH\ KDYH
WKH VDPH ZDYH DPSOLWXGH EXW ZLWK WKH ODWWHU KDYLQJ KDOI WKH
IRUPHU¶V ZDYHOHQJWK DV VKRZQ LQ )LJ  7KH IRFXV RI WKLV
FRPSXWDWLRQDOVWXG\LVWRORRNLQWRWKHIORZFKDUDFWHULVWLFVDQG
FRPPHQWXSRQWKHHIIHFWVRISURWXEHUDQFHZDYHOHQJWKRQWRS
RI ORRNLQJ DW KRZ FORVH WKH IORZ VLPXODWLRQ UHVXOWV DUH ZLWK
UHVSHFW WRH[SHULPHQW UHVXOWV UHSRUWHG LQ WKH OLWHUDWXUHHDUOLHU
)XUWKHUPRUH HDUOLHU LQYHVWLJDWLRQV WHQG WR EH FDUULHG RXW DW
KLJKHU5H\QROGVQXPEHUV>@>@WKDQORZHURQHV+HQFHWKLV
LV D JRRG RSSRUWXQLW\ WR ORRN LQWR KRZ WKHVH PRGLILHG
K\GURIRLOV ZLOO SHUIRUP DW VLJQLILFDQWO\ ORZHU 5H\QROGV
QXPEHUIORZV
,,&20387$7,21$/$3352$&+
,QWKHSUHVHQWVWXG\D1$&$SURILOHGK\GURIRLOLV
VHWDVWKHUHIHUHQFHK\GURIRLOGXHWRLWVFORVHUHVHPEODQFH WR
WKH KXPSEDFN ZKDOHV SHFWRUDO IOLSSHU FURVVVHFWLRQ $
FRPSDUDWLYH VWXG\ LV FDUULHG RXW EHWZHHQ WKLV UHIHUHQFH
K\GURIRLO DQG WZR PRGLILHG K\GURIRLOV ZLWK OHDGLQJHGJH
SURWXEHUDQFHV QDPHO\ / DQG / 7KH WHVW PRGHOV DUH
VLPLODUWRWKHRQHVXVHGLQWKHH[SHULPHQWDOVWXG\E\:HLHWDO
>@)LJZKHUHWKHPHDQFKRUGDQGVSDQRIDOOK\GURIRLOV
DUH F PP DQG E PP UHVSHFWLYHO\ 7KLV OHG WR
K\GURIRLOV ZLWK DQ DVSHFWUDWLR RI EF  7KH SURWXEHUDQFH
$&RPSXWDWLRQDO6WXG\RQ)ORZ6HSDUDWLRQ&RQWURO
RI+XPSEDFN:KDOH,QVSLUHG6LQXVRLGDO+\GURIRLOV
--R\7+1HZ,+,EUDKLP
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
ZDYHOHQJWK IRU WKH / DQG / K\GURIRLOV DUH Ȝ F DQG
Ȝ F UHVSHFWLYHO\ ZKLOH D SURWXEHUDQFH DPSOLWXGH RI
$ F LV XVHG IRU ERWK WKH K\GURIRLOV 7KH JHRPHWULFDO
GHWDLOVRIWKHWKUHHWHVWK\GURIRLOVDUHOLVWHGRXWLQ7DEOH,


D1$&$


E/K\GURIRLO


F/K\GURIRLO
)LJ&$'GHVLJQVRIWKHWKUHHWHVWK\GURIRLOV

7$%/(,
&21),*85$7,212)7+(+<'52)2,/6
+\GURIRLO ȜPP $PP
1$&$  
/  
/  

7KH FRPSXWDWLRQDO LQYHVWLJDWLRQ ZDV FDUULHG RXW XVLQJ
$16<6)/8(177KHGRPDLQVL]HZDVGHILQHG WR UHSUHVHQW
WKH ZDWHU WXQQHO WHVW VHFWLRQ UHSRUWHG E\ >@ 7KH [ DQG \
FRRUGLQDWH GLPHQVLRQV RI WKH FRPSXWDWLRQDO GRPDLQ ZHUH
PP DQG PP UHVSHFWLYHO\ ZKLOH WKH ]FRRUGLQDWH
GLPHQVLRQ UHPDLQV VLPLODU WR WKH VSDQV RI WKH K\GURIRLOV
8QVWUXFWXUHGPHVKWHFKQLTXH)LJZDVLPSOHPHQWHGRQWKH
GRPDLQ ZLWK RYHUDOO \ YDOXH RI OHVV WKDQ  7KH PHVK ZDV
GHILQHGXVLQJWKHPHVKVL]LQJWRROVDYDLODEOHLQ)/8(177KH
VLPXODWLRQVZHUHFDUULHGRXWXVLQJNȦ6KHDU6WUHVV7UDQVSRUW
667 PRGHO ZLWK VWHDG\ DQG XQVWHDG\ 5H\QROGV$YHUDJHG
1DYLHU 6WRNHV 5$16 JRYHUQLQJ HTXDWLRQV 7KH VLQJOH
SUHFLVLRQ WUDQVLHQW PRGHO ZDV DSSOLHG IRU D WLPHGXUDWLRQ RI
VHFRQGVZLWKDWLPHVWHSRI7KHUHVXOWVSUHVHQWHGLQWKH
QH[W VHFWLRQ ZHUH WDNHQ IURP WKH ILQDO WLPH VWHS RI WKH
VLPXODWLRQ 7KH IORZ LQOHW YHORFLW\ LV PV ZLWK D
WXUEXOHQFHLQWHQVLW\RI7KHFRPSXWDWLRQDODQDO\VLVZDV
SHUIRUPHGDWWKHFRQYHUJHQFHFULWHULDRIî


)LJ$VDPSOHJULGPRGHORIWKH/WHVWK\GURIRLO

7$%/(,,
326,7,212)7+(+<'52)2,/6;%
+\GURIRLO 7URXJKSODQH[E
0LGSODQH
[E
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
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7ZRGLPHQVLRQDO VWUHDPOLQHV DORQJ WKH SHDN WURXJK DQG
PLGSODQHVZHUHGHWHUPLQHG IRUDOO WKUHH WHVWK\GURIRLOV7KH
SRVLWLRQV RI WKHVH SODQHV RQ WKH K\GURIRLO VSDQ DUH OLVWHG LQ
7DEOH,,)RUWKHEDVHOLQHK\GURIRLOWKHVWUHDPOLQHSDWWHUQVDUH
YLVXDOL]HGDORQJWKHPLGVSDQSODQHLH[E )RUWKH/
K\GURIRLO VWUHDPOLQH SDWWHUQV DW DOO WKH WURXJK DQG SHDN
SODQHV DUH LQYHVWLJDWHG ZKLOH IRU WKH / K\GURIRLO
VWUHDPOLQHSDWWHUQVDWDOOWKHWURXJKPLGDQGSHDNSODQHVDUH
VWXGLHG$VWKHSUHVHQWVWXG\ZLOODWWHPSWWRORRNDWWKHRYHUDOO
IORZ VHSDUDWLRQ EHKDYLRXU DORQJ WKH HQWLUH K\GURIRLO VSDQ
WKHVHVWUHDPOLQHSDWWHUQVZLOOEHH[WUDFWHGDQGSUHVHQWHGKHUH
3UHOLPLQDU\ REVHUYDWLRQV UHYHDO WKDW WKH FRPSXWDWLRQDO
UHVXOWVDUHLQJHQHUDODJUHHPHQWVZLWKWKHH[SHULPHQWDOUHVXOWV
SUHVHQWHG E\ >@ )RU LQVWDQFH WKH EDVHOLQH K\GURIRLO VKRZV
IORZVHSDUDWLRQEHKDYLRXUDVVRFLDWHGZLWKWKHUHODWLYHO\ WKLFN
K\GURIRLO SURILOH DW ORZ5H\QROGV QXPEHUV )LJ $W Į q
WKH IORZ VHSDUDWLRQ SRLQW OLHV DURXQG WKH KDOIFKRUG RI WKH
UHIHUHQFHK\GURIRLODQGDIORZVHSDUDWLRQEXEEOHLVIRUPHGDW
WKHUHDUHQGRIWKHK\GURIRLO$VWKHDQJOHRIDWWDFNLQFUHDVHV
WRĮ qWKHIORZVHSDUDWLRQSRLQWVKLIWVXSVWUHDPDQGFORVHU
WROHDGLQJHGJH$WĮ qVWURQJIORZVHSDUDWLRQLVREVHUYHG
DQG WKH IORZ VHSDUDWLRQ EXEEOH LV TXLWH SURPLQHQW DW WKLV
DQJOHRIDWWDFN 7KH VWUHDPOLQH SDWWHUQV DUH DOPRVW LQYDULDQW
DORQJWKHVSDQZLVHGLUHFWLRQRIWKHUHIHUHQFH


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 
DĮ  EĮ 


FĮ 
)LJ'VWUHDPOLQHVIRUWKH1$&$UHIHUHQFHK\GURIRLODW
[E ORFDWLRQ

7URXJKV 3HDNV

D[E  H[E 
 
E[E  I[E 
 
F[E  J[E 
 

G[E  K[E 
)LJ6WUHDPOLQHSDWWHUQVDORQJYDULRXVWURXJKDQGSHDNSODQHVIRU
/K\GURIRLODWĮ q
 
,PSOHPHQWDWLRQ RI OHDGLQJHGJH SURWXEHUDQFHV LQ / DQG
/ WHVW K\GURIRLOV SURGXFHV UDWKHU GLIIHUHQW IORZ
FKDUDFWHULVWLFV DORQJ WKHLU VSDQZLVH GLUHFWLRQV 7KH ILUVW
LQWHUHVWLQJ REVHUYDWLRQ LV WKDW WKH IORZ VHSDUDWLRQ EHKDYLRXU
YDULHV DFFRUGLQJO\ WR WKH SHDN DQG WURXJKSODQHV RI WKH
K\GURIRLOV ZLWK OHDGLQJHGJH SURWXEHUDQFHV DV ZLOO EH
GHPRQVWUDWHGLQWKHUHVXOWVWREHSUHVHQWHG)URPWKHVHUHVXOWV
LWZLOOEHVHHQWKDWIORZPLWLJDWLRQSHUIRUPDQFHZLOOJHQHUDOO\
EH EHWWHU DORQJ WKH SHDNSODQH UDWKHU WKDQ DORQJ WKH WURXJK
SODQHZKLFKDJDLQLVLQJRRGDJUHHPHQWZLWKWKHH[SHULPHQWDO
UHVXOWVUHSRUWHGE\>@)XUWKHUPRUHLWZLOOEHREVHUYHGGXULQJ
WKH GLVFXVVLRQ ODWHU WKDW WKH IORZ VHSDUDWLRQ EHKDYLRXU LV
VHQVLWLYHWRZDUGVWKHZDYHOHQJWKRIWKHSURWXEHUDQFHV

7URXJKV 3HDNV
D[E  H[E 
 
E[E  I[E 
 
F[E  J[E 
 
G[E  K[E 
)LJ6WUHDPOLQHSDWWHUQVDORQJYDULRXVWURXJKDQGSHDNSODQHVIRU
/K\GURIRLODWĮ q

)RU WKH/K\GURIRLO VKRZQ LQ)LJ LW LVTXLWHFOHDU WKDW
PHDQ IORZ VHSDUDWLRQ EHKDYLRXU DORQJ WKH XSSHU DQG ORZHU
VXUIDFHV LV YHU\ SURPLQHQW DORQJ WKH WURXJKSODQHV HYHQ DW
Į  ,Q FRQWUDVW YHU\ OLWWOH PHDQ IORZ VHSDUDWLRQ FDQ EH
REVHUYHGDORQJWKHSHDNSODQHV7KHUHVXOWVDOVRLQGLFDWHWKDW
WKH PHDQ IORZ VHSDUDWLRQ EHKDYLRXU DW GLIIHUHQW WURXJK RU
SHDNSODQHV LV YHU\ VLPLODU ZLWK RQH DQRWKHU :LWK VXFK D
VLJQLILFDQW GLVFUHSDQF\EHWZHHQ WKH WURXJK DQGSHDNSODQHV
VWURQJSUHVHQFHRIWKUHHGLPHQVLRQDOIORZVLVH[SHFWHGWRH[LVW
DORQJ WKH K\GURIRLO VXUIDFHV $W Į q DV VKRZQ LQ )LJ 
KRZHYHU IORZV DORQJ WKH WURXJKSODQHV VHSDUDWHV ULJKW DW RU
YHU\ FORVH WR WKH OHDGLQJHGJHV DORQJ WKH XSSHU VXUIDFHV
ZKLFK LV LQ JRRG DJUHHPHQWZLWK WKH H[SHULPHQWDO UHVXOWV E\
>@7KHPDVVLYHIORZVHSDUDWLRQIURPWKHOHDGLQJHGJHDQGUH
FLUFXODWLRQHIIHFWVOHDGWRWKHIRUPDWLRQRIODPLQDUVHSDUDWLRQ
EXEEOHDORQJFHUWDLQWURXJKSODQHV7KHPRVWLQWULJXLQJLVWKDW
WKHVWUHDPOLQHSDWWHUQVDSSHDUWREHYHU\GLIIHUHQWEHWZHHQWKH
GLIIHUHQW WURXJKSODQHV HYHQ WKRXJK WKH WURXJKV DUH
JHRPHWULFDOO\ VLPLODU )RU LQVWDQFH D VWURQJ UHFLUFXODWLQJ
EXEEOH FDQ EH REVHUYHG DW [E  ORFDWLRQ ZKLOH ODPLQDU
VHSDUDWLRQEXEEOHVFDQEHVHHQDW[E DQGORFDWLRQV
$WWDFKHGIORZ
)ORZVHSDUDWLRQ
1RGHRI
GHWDFKPHQW
)UHHVWUHDP
)ORZVHSDUDWLRQ
EXEEOH
)ORZUH
FLUFXODWLRQ
)ORZUHDWWDFKPHQW
&ULWLFDOSRLQW

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
7KHUHH[LVWODUJHGLVFUHSDQFLHVLQERWKWKHH[WHQWRIWKHPHDQ
IORZ VHSDUDWLRQ UHJLRQ DV ZHOO DV EHKDYLRXU ,Q IDFW VLPLODU
REVHUYDWLRQV FDQ DOVR EH PDGH IRU WKH VWUHDPOLQH SDWWHUQV
DORQJWKHSHDNSODQHVDWWKHVDPHDQJOHRIDWWDFN:KLOHPRVW
SHDNSODQHV GHPRQVWUDWH IORZ VHSDUDWLRQV FORVH WR WKH PLG
FKRUG ORFDWLRQ WR IRUP VLJQLILFDQW IORZ VHSDUDWLRQ EXEEOHV
DORQJ WKH WUDLOLQJHGJH UHJLRQ RQH RI WKHP VKRZV QR
GLVFHUQLEOH IORZ VHSDUDWLRQ EXEEOH DW DOO 7KLV KDV QRW EHHQ
UHSRUWHG LQ WKH OLWHUDWXUH SUHYLRXVO\ DQG RQH SRVVLEOH
H[SODQDWLRQLVWKDWWKHIORZEHKDYLRXUIRUK\GURIRLOVPRGLILHG
ZLWK OHDGLQJHGJH SURWXEHUDQFHV WKH IORZV DUH LQKHUHQWO\
KLJKO\XQVWHDG\DWSRVWVWDOODQJOHVRIDWWDFN
)LJVVKRZWKHVWUHDPOLQHSDWWHUQVIRUWKH/K\GURIRLO
DW WKH WURXJKPLGDQGSHDNSODQHVDWĮ qDQGq7KUHH
GLPHQVLRQDO IORZ EHKDYLRXU LV PXFK PRUH REYLRXV IRU WKLV
K\GURIRLO SUREDEO\ GXH WR WKH GRXEOLQJ RI WKH OHDGLQJHGJH
SURWXEHUDQFHV7KHIORZSDWWHUQV LQVRPH WURXJKUHJLRQVLH
[E   DQG  ORFDWLRQV VKRZ PDVVLYH IORZ
VHSDUDWLRQV ZKLOH WKH RWKHUV LH [E   DQG 
ORFDWLRQV VKRZ OLWWOH WR QR IORZ VHSDUDWLRQV WKH SUHVHQFH RI
FULWLFDOSRLQWVDQGODPLQDUVHSDUDWLRQEXEEOH,QSDUWLFXODUWKH
SUHVHQFH RI FULWLFDO SRLQWV LQGLFDWHV WKH SUHVHQFH RI KLJKO\
WKUHHGLPHQVLRQDOVSDQZLVHIORZV

Į q Į q

D[E  L[E 




E[E  M[E 




F[E  N[E 




G[E  O[E 
 

H[E  P[E 



I[E  Q[E 



J[E  R[E 




K[E  S[E 
)LJ6WUHDPOLQHSDWWHUQVDORQJYDULRXVWURXJKSODQHVIRU/
K\GURIRLODWĮ qDQGq

Į q

Į q

D[E  L[E 




E[E  M[E 




F[E  N[E 




G[E  O[E 
 
:HDNVKHDUOD\HU
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

H[E  P[E 




I[E  Q[E 



J[E  R[E 




K[E  S[E 
)LJ6WUHDPOLQHSDWWHUQVDORQJYDULRXVPLGSODQHVIRU/
K\GURIRLODWĮ qDQGq


Į q



Į q
D[E  L[E 



E[E  M[E 




F[E  N[E 




G[E  O[E 
 
 
H[E  P[E 




I[E  Q[E 




J[E  R[E 




K[E  S[E 
)LJ6WUHDPOLQHSDWWHUQVDORQJYDULRXVSHDNSODQHVIRU/
K\GURIRLODWĮ qDQGq



DĮ q

EĮ q
)LJ)ULFWLRQOLQHVDORQJ/K\GURIRLOXSSHUVXUIDFHDWĮ qDQG
q

7KH ZLGH UDQJH RI GLIIHUHQW IORZ EHKDYLRXU EHWZHHQ
GLIIHUHQW WURXJK RU SHDNSODQH LV VXUSULVLQJ +HQFH WR
LQYHVWLJDWHIXUWKHU)LJVDQGVKRZWKHZDOOIULFWLRQOLQHV
RQ WKH XSSHU VXUIDFH DVZHOO DV WKH YRUWLFLW\ OLQHV DORQJ WKH
WUDLOLQJHGJH RI WKH / K\GURIRLO DW Į q DQG q ,Q
SDUWLFXODU )LJ  SURYLGHV YDOXDEOH FOXHV DV WRZK\ WKH IORZ
VHSDUDWLRQ EHKDYLRXU DSSHDUV WR EH VR GLIIHUHQW EHWZHHQ WKH
GLIIHUHQWWURXJKRUSHDNSODQHV&ORVHULQVSHFWLRQZLOOUHYHDO
WKDWGHVSLWHWKHUHJXODUDSSHDUDQFHRIIORZIHDWXUHVDVVRFLDWHG
ZLWK WKH FRXQWHUURWDWLQJ VWUHDPZLVH YRUWLFHV WKH IORZSDWKV
DORQJ WKH XSSHU K\GURIRLO VXUIDFH DUH DFWXDOO\ QRW WKDW
FRKHUHQW HVSHFLDOO\ DW Į q 7KLV PD\ EH LQGLFDWLYH RI WKH
UHVXOWLQJIORZEHKDYLRXULIWKHLQFRPLQJIUHHVWUHDPH[FHHGVD
FHUWDLQWXUEXOHQFHOHYHODQGPDQDJHVWRSHUWXUEWKHRWKHUZLVH
VWDEOH FRXQWHUURWDWLQJ VWUHDPZLVH YRUWLFHV VXIILFLHQWO\
1HYHUWKHOHVVLWUHPDLQVSRVVLEOHWKDWVRPHFXUUHQWO\XQNQRZQ
QXPHULFDOLVVXHVKDYHFRQWULEXWHGWRZDUGVWKHIORZEHKDYLRXU
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
REVHUYHG LQ )LJ  (IIRUWV DUH FXUUHQWO\ XQGHUZD\ WR
LQYHVWLJDWHIXUWKHURQWKLV
/DVWO\)LJVKRZVWKDWZKLOHWKH/K\GURIRLOSURGXFHV
UHJXODU FRXQWHUURWDWLQJ VWUHDPZLVH YRUWLFHV WKDW OHDYH WKHLU
PDUNRQWKHYRUWLFLW\OLQHVDORQJWKHWUDLOLQJHGJHDWĮ qWKDW
LV QRW TXLWH WKH FDVH DW Į q ,QVWHDG WZR ODUJH YRUWLFDO
HQWLWLHV DSSHDU WR KDYH EHHQ IRUPHG DORQJ WKH WUDLOLQJHGJH
:KLOHWKHRULJLQRIWKHVHYRUWLFDOHQWLWLHVUHPDLQVXQNQRZQDW
WKLV SRLQW LW LVZRUWKZKLOH WRPHQWLRQ LQ SDVVLQJ KHUH WKDW D
IROORZXS H[SHULPHQWDO VWXG\ WR >@ E\ WKH ODVW DXWKRU KDV
SURGXFHG VRPH UHVXOWV WKDW VKRZ JURVVO\ VLPLODU ODUJHVFDOH
YHUWLFDOEHKDYLRXU


DĮ q


EĮ q
)LJ9RUWLFLW\OLQHVDORQJ/K\GURIRLOWUDLOLQJHGJHDWĮ q
DQGq
&21&/86,216
$ SUHOLPLQDU\ FRPSXWDWLRQDO VWXG\ RQ D 1$&$
UHIHUHQFH K\GURIRLO DQG WZR K\GURIRLOV ZLWK OHDGLQJ HGJH
SURWXEHUDQFHVKDYHEHHQFRQGXFWHGDW D5H\QROGVQXPEHURI
5H î5HVXOWV VKRZ WKDW IORZVHSDUDWLRQVRFFXUHDUOLHU
DV FRPSDUHG WR KLJKHU 5H\QROGV QXPEHU IORZ FRQGLWLRQV
*HQHUDOO\ VSHDNLQJ WKH FRPSXWDWLRQDO UHVXOWV REWDLQHG DW
Į qDQGĮ qDUHLQJRRGDJUHHPHQWZLWKWKHH[SHULPHQWDO
UHVXOWVUHSRUWHGE\>@SUHYLRXVO\0RUHLQWHUHVWLQJO\GHWDLOHG
DQDO\VLVRIWKHVWUHDPOLQHSDWWHUQVDORQJYDULRXVWURXJKPLG
DQG SHDNSODQHV UHYHDOV WKDW IORZ VHSDUDWLRQ EHKDYLRXU PD\
GLIIHUHYHQIRUJHRPHWULFDOO\VLPLODUWURXJKVRUSHDNVDORQJD
VLQJOH K\GURIRLO PRGLILHG ZLWK OHDGLQJHGJH SURWXEHUDQFHV
6XUIDFH IORZ OLQHV VXJJHVW WKDW VWURQJ WKUHHGLPHQVLRQDO
HIIHFWVDUHOLNHO\WREHUHVSRQVLEOHWKRXJKHIIRUWVDUHFXUUHQWO\
XQGHUZD\ WR FRQILUP WKLV /DVWO\ ODUJHVFDOH YRUWLFDO HQWLWLHV
DORQJ WKH WUDLOLQJHGJH RI WKH / K\GURIRLO DUH REVHUYHG
ZKLFKKDYHDOVREHHQREVHUYHG LQDQRWKHUHDUO\H[SHULPHQWDO
LQYHVWLJDWLRQE\WKHODVWDXWKRU
$&.12:/('*0(176
7KH DXWKRUV JUDWHIXOO\ DFNQRZOHGJH WKH VXSSRUW SURYLGHG
IRUWKHVWXG\WKURXJKD0,1'()'HIHQVH,QQRYDWLYH5HVHDUFK
3URMHFW5HVHDUFK*UDQW DVZHOO DV DVVLVWDQFH UHQGHUHG E\ =
:HL LQ GHVLJQLQJ WKH K\GURIRLOV ZLWK OHDGLQJHGJH
SURWXEHUDQFHVLQFRUSRUDWHG
5()(5(1&(6
>@ 0LNORVRYLF '60XUUD\00 +RZLH /( )LVK )( /HDGLQJHGJH
WXEHUFOHV GHOD\ VWDOO RQ KXPSEDFN ZKDOH 0HJDSWHUD QRYDHDQJOLDH
IOLSSHUV3K\VLFVRI)OXLGV
>@ 0XUUD\ 00 )LVK )( +RZH\ /( 0LNORVRYLF '6 (IIHFWV RI
OHDGLQJHGJHWXEHUFOHVRQDUHSUHVHQWDWLYHZKDOHIOLSSHUPRGHODWYDULRXV
VZHHSDQJOHV,Q3URFHHGLQJVRIWKHWK,QWHUQDWLRQDOV\PSRVLXP
RQ 8QPDQQHG 8QWHWKHUHG 6XEPHUVLEOH 7HFKQRORJ\ 8867
$XWRQRPRXVXQGHUVHD6\VWHP,QVW/HH1+
>@ -RKDUL + +HQRFK & &XVWRGLR ' /HYVKLQ $ (IIHFWV RI OHDGLQJ
HGJHSURWXEHUDQFHVRQDLUIRLOSHUIRUPDQFH$,$$-RXUQDO

>@ +DQVHQ ./ .HOVR 50 'DOO\ %% 3HUIRUPDQFH YDULDWLRQV RI
OHDGLQJHGJH WXEHUFOHV IRU GLVWLQFW DLUIRLO SURILOHV $,$$-RXUQDO

>@ 3HGUR +7& .RED\DVKL 0+ 1XPHULFDO VWXG\ RQ VWDOO GHOD\ RQ
+XPSEDFN:KDOHIOLSSHUV$,$$SDSHUQXPEHU
>@ 5RVWDP]DGHK1 +DQVHQ./ .HOVR 50 'DOO\ %% 7KH HIIHFW RI
XQGXODWLRQ OHDGLQJHGJH PRGLILFDWLRQV RQ 1$&$  DLUIRLO
FKDUDFWHULVWLFV3K\VLFVRI)OXLGV
>@ =KDQJ 00 :DQJ *) ;X -= $HURG\QDPLF FRQWURO RI /RZ
5H\QROGV1XPEHU DLUIRLO ZLWK OHDGLQJHGJH SURWXEHUDQFHV $,$$
-RXUQDO
>@ :HL=1HZ7+&XL<$QH[SHULPHQWDOVWXG\RQIORZVHSDUDWLRQ
FRQWURO RI K\GURIRLOV ZLWK OHDGLQJHGJH WXEHUFOHV DW ORZ 5H\QROGV
QXPEHU2FHDQ(QJLQHHULQJ

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